Magneto-Electro-Thermo nanobeam resting on a nonlinear elastic foundation is presented. This beam is subjected to the external electric voltage and magnetic potential, mechanical potential and temperature change. Also, we added the new material PTZ-5H-COFe2O4. The governing equations and boundary conditions are derived using Hamilton principle. These equations are discretized by using three differential quadrature methods and iterative quadrature technique to determine the natural frequencies and mode shapes. Numerical analysis is introduced to explain the influence of computational characteristics of the proposed schemes on convergence, accuracy and efficiency of the obtained results. The obtained results agreed with the previous analytical and numerical ones. A detailed parametric study is conducted to investigate the influences of different boundary conditions, various composite materials, nonlinear elastic foundation, nonlocal parameter, the length-to-thickness ratio, external electric and magnetic potentials, axial forces, temperature and their effects on the vibration characteristics of Magneto-Electro-Thermo-Elastic nanobeam.
Introduction
Magneto-Electro-Thermo-Elastic (METE) composite materials which have piezoelectric and piezomagnetic phases can convert electric, thermal, elastic and magnetic energies to another form (Jandaghian, A., Jafari, A., & Rahmani, O., 2013; Nan, C. W., 1994) . Many technological fields use METE materials such as vibration control, actuator applications, sensor, medical instruments, health monitoring and energy harvesting (Zhai et al., 2008; Nan et al., 2008) . Wu et al., (2007) investigated three-dimensional (3D) static behavior of doubly curved functionally graded (FG) magneto-electro-elastic shells under mechanical load, electric displacement and magnetic flux. Huang et al., (2010) studied the analytical and semi-analytical solutions for anisotropic functionally graded magnetoelectro-elastic beam subjected to an arbitrary load, which can be expanded in terms of sinusoidal series. (Chang, 2013) presented the free vibration, deterministic vibration and random vibration characteristics of transversely isotropic magneto-electro-elastic rectangular plates in contact with the fluid. Ansari et al., (2015) developed a nonlocal geometrically nonlinear beam model for magneto-electro-thermo-elastic nanobeams subjected to external electric voltage, external magnetic potential and uniform temperature rise. Ke et al., (2014b) studied the free vibration of embedded magneto-electro-elastic cylindrical nanoshells based on Love's shell theory. Research communities concerned with METE nanomaterials and their nanostructures (BiFeO3, BiTiO3-CoFe2O4, NiFe2O4-PZT, nanowires, nanobeams) (Prashanthi et al., 2012; Martin et al., 2008) . Also, we added the new material PTZ-5H-COFe2O4.
The nonlocal theory of elasticity is widely used for the study of nanoscale problems. Vibrations of nanobeams have been the theme of some experiments and molecular dynamics simulations. As experiments at the nanoscale are extremely difficult computations remain expensive for large size atomic systems, continuum models continue to play an essential role in the study of nanostructures. However, there are strong evidences that the small length scale effect i.e., nonlocal effect has a significant influence on the mechanical behavior of nanostructures. Therefore, A polynomial based differential quadrature method (PDQM) leads to accurate solutions with fewer grid points (Shojaei, M. F., & Ansari, R., 2017; Tornabene et al., 2014; Tornabene et al., 2016) comparing to other numerical methods. Sinc differential quadrature method (SDQM) (Ke et al., 2012) , and Discrete singular convolution differential quadrature method (DSCDQM) (Korkmaz, A., & İdris, D., 2011) are more reliable versions than polynomial based DQM. These methods depend on choice of shape function such that Cardinal sine function, Delta Lagrange Kernel (DLK) and Regularized Shannon kernel (RSK) are shape functions which gives more convergence and stability for the results (Seçkin, A., & Sarıgül, A. S., 2009; Civalek, 2008; Civalek, 2009; Civalek, O. & Kiracioglu, O., 2010; Civalek, 2017) .
According to the knowledge of the authors, SDQM and DSCDQM are not examined for vibration analysis of Magneto-Electro-Thermo nanobeam resting on the nonlinear elastic foundation. Also, the present work extends the applications of DQM to analyze this problem. Based on these versions, numerical schemes are designed for vibration of METE nanobeam. MATLAB program is designed to solve this problem. The natural frequencies are obtained and compared with previous analytical and numerical ones. For each scheme the convergence and efficiency are verified. Also, a parametric study is introduced to investigate the influence of linear and nonlinear elastic foundation, temperature change, external electric voltage, different boundary conditions and materials, nonlocal parameter, axial forces, external magnetic potential and length-to-thickness ratio on the values of natural frequencies and mode shapes.
Formulation of the Problem
Consider a Magneto-Electro-Thermo-Elastic nanobeam with ( respectively as shown in Figure. (1).
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By putting the electric potential and magnetic potential are zero at the ends of the nanobeam (Ke et al., 2012) . The boundary conditions can be written as
(1) For Clamped end (C):
(2) For Hinged end (H): 
Where w, θ , f and ψ x are displacement in mid-plane, cross section rotation, electric potential and magnetic potential respectively; ( ) 0 e a is the scale coefficient which incorporates the small-scale effect. k s is the shear correction factor which takes values 5/6 for the macro scale beams (Shojaei, M. F., & Ansari, R., 2017; Tornabene et al., 2014; Tornabene et al., 2016) . Vol. 13, No. 7; piezoelectric constant and piezomagnetic constant, respectively; , , 1 2 3 K K K are shear and spring coefficients of linear and nonlinear elastic foundation (Jandaghian, A. A., & Rahmani, O., 2016) . 13  13 33  13 33  ,  ,  ,  ,  , e ,  ,  , q ,  11 44  11  44  31 15  31  15  31 15  31  15  33  33  33   2  33  33 33  ,  , S ,  , d  +  , d ,  ,  33 11  33  11  33 11  33  11  33  33 33 ,  11  33  11  33   13 3  3 33  3 33  , p ,  , p  ,  1 3 3  1  3  3  33 33 33 
Furthermore, for harmonic behavior, one can assume that: 
Substituting from equations (12-13) into (5-8), the boundary conditions can be written as:
Method of Solution
Three differential quadrature techniques and iterative quadrature technique are employed to reduce the governing equation into an Eigen value problem as follows:


Polynomial based differential quadrature method (PDQM)
In this technique, Lagrange interpolation polynomial is employed as a shape function such that the unknown v and its derivatives can be approximated as a weighted linear sum of nodal values, v i , (i=1:N), as follows (Chang, 2000) :
Similarly, one can approximate Vol. 13, No. 7; Where v terms to , , and
N is the number of grid points. The weighting coefficients (1)
C ij
can be determined by differentiating (21) as (Chang, 2000) :
Also, by using matrix multiplication can be calculated (2) (3)
•
Sinc Differential Quadrature Method (SDQM)
A Cardinal sine function is used as a shape function such that the unknown v and its derivatives can be approximated as a weighted linear sum of nodal values, v i , (i= -N: N), as follows:
This function is applied as a shape function such that the unknown v and its derivatives are approximated as a weighted linear sum of nodal values, v i , (i= -N : N), as follows (Korkmaz, A., & İdris, D., 2011) :
Similarly, one can approximate
Where v terms to , , and
N is the number of grid points. h x is grid size. The weighting coefficients
can be determined by differentiating (25) and (26) as: Vol. 13, No. 7; •
Discrete Singular Convolution Differential Quadrature Method (DSCDQM)
A singular convolution can be defined as (Seçkin, A., & Sarıgül, A. S., 2009; Civalek, 2008; Civalek, 2009; Civalek, O. & Kiracioglu, O., 2010; Civalek, 2017) (
− is a singular kernel. The DSC algorithm can be applied using many types of kernels. These kernels are applied as shape functions such that the unknown v and its derivatives are approximated as a weighted linear sum of v i , (i= -N: N), over a narrow bandwidth (
Two kernels of DSC will be employed as follows:
(a) Delta Lagrange Kernel (DLK) can be used as a shape function such that the unknown v and its derivatives can be approximated as a weighted linear sum of nodal values, v i ,(i= -N : N), as follows :
Where 2M+1 is the effective computational bandwidth.
(1) (2) (3) (4) C ,C ,C an ared d e C ij ij ij i fine j d as :
, ,
(b) Regularized Shannon kernel (RSK) can also be used as a shape function such that the unknown v and its derivatives can be approximated as a weighted linear sum of nodal values v i , (i=-N:N) as follows :
Where σ is regularization parameter and r is a computational parameter. The weighting coefficients
can be defined as (Wei, 2001 ):
On suitable substitution from equations of weighting coefficients (36) into (14-17), the problem can be reduced to the following nonlinear Eigen-value problem:
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The boundary conditions (18-20) can also be approximated using three DQMs as: 
Then, using the iterative quadrature technique (Ragb et al., 2017) 
(1) (2) 31 15 11 
2-Then we solve the following iterative system until obtain the convergence condition 
Numerical Results
More For PDQM the problem is solved over a non-uniform grids, with Gauss -Chebyshev -Lobatto discretizations, such as (Chang, 2000) :
Where the dimensions of the grid (N) ranges from 3 to 15. The obtained results agreed with previous analytical ones (Jandaghian, A. A., & Rahmani, O., 2016a; Ke, L. L., & Wang, Y. S., 2014) over 11 grid size, as shown in Table 2 
Normalized 
-------------
Execution time (sec) 0.1200--over 9 uniform grid For DSCDQM scheme based on delta Lagrange kernel, the problem is also solved over a uniform grid ranging from 3 to 11. The bandwidth 2M+1 ranges from 3 to 9. Table 4 For DSCDQM scheme based on regularized Shannon kernel (RSK), the problem is also solved over a uniform grid ranging from 3 to 9. The bandwidth 2M+1 ranges from 3 to 7 and the regularization parameter σ = r h x ranges from 1h x to 1.75 h x , where h x =1/N-1. (8-11) show that the fundamental frequency increases with increasing linear elastic foundation parameters. Also, the computations declare that the results do not affect significantly by nonlinear elastic foundation parameter 3 k . Also, the fundamental frequencies depend on the sign and magnitude of the magnetic potential and axial forces. (8-9) show that the fundamental frequency increase with increasing axial forces 0 ( ) P N and external magnetic potential 0 ( ) A A . As well as, Figures (8-11) show the first three normalized mode shapes W and electrical potential φ with time. These figures show that the amplitudes of displacement W and electrical potential φ increase with increasing linear and nonlinear elastic foundation parameters. From all figures, it is found that the METE nanobeam is insensitive to the temperature change while the axial forces, external electric and magnetic potential has the greatest effect on the natural frequencies. Also, Figures (3-4) show that the effect of the external electric potential is opposite to that of the external magnetic potential. Furthermore, Figures (2-11) show that the fundamental frequency, normalized amplitude W and normalized electrical potential φ for BiTiO3-COFe2O4 material is higher than PTZ-5H-COFe2O4 material. For all tables the nanobeam made of BiTiO3-COFe2O4. 
Conclusion
Three Different Quadrature schemes and Iterative quadrature technique have been successfully applied for vibration analysis of magneto-electro-thermo-elastic nanobeams. MATLAB program is designed for each scheme such that the maximum error (comparing with the previous exact results) is 10 10 − ≤ . Also, Execution time for each scheme, is determined. It is concluded that discrete singular convolution differential quadrature method based on regularized Shannon kernel (DSCDQM-RSK) with grid size 3 ≥ , bandwidth 2M+1 3 ≥ and regulization parameter σ = 1.75*h x leads to best accurate efficient results to the concerned problem. Based on this scheme, a parametric study is introduced to investigate the influence of different boundary conditions, type of material, linear and nonlinear elastic foundation, nonlocal parameter, the length-to-thickness ratio, external electric and magnetic potentials, axial forces, temperature and their effects of the vibrated nanobeam, on results. The main results of our analysis are expressed as:
1. The fundamental frequency increases with increasing linear elastic foundation parameters axial forces and external magnetic potential. Also, the fundamental frequencies depend on the sign and magnitude of the magnetic potential ,axial forces and the computations declare that the results do not affect significantly by nonlinear elastic foundation parameter k3.
2. The fundamental frequency decrease with increasing temperature change, external electric voltage, nonlocal parameter, and length-to-thickness ratio.
3. The amplitudes of displacement W and electrical potential increase with increasing linear and nonlinear elastic foundation parameters.
4. The fundamental frequency, normalized amplitude and normalized electrical potential for BiTiO3-COFe2O4 material is higher than PTZ-5H-COFe2O4 material.
It is aimed that these results may be useful for the design of smart nanostructures constructed from magnetoelectro-thermo-elastic materials, electromechanical applications and many fields of the industrial revolution. The most important applications of nanobeam is likely to take advantage of their exceptional mechanical, chemical and electrical properties to be used as sensors, resonators and transducers for nanoelectronic and biotechnology applications.
